1 C avernous malformations are well-circumscribed lesions that consist of closely packed, capillarylike vessels, without intervening neural tissue. These lesions are angiographically occult and are assessed using MR imaging, which often reveals mixed signal intensity on T1-weighted images, along with a low-signal-intensity ring surrounding the lesions on T1-and T2-weighted imaging; this ring represents hemosiderin deposits. 1, 3, 4, 8 They are characterized by sinusoidal channels under magnification, and have a mulberry-like appearance grossly.
tients with spinal intramedullary CM treated with resection were identified using the cerebrovascular database at UCSF.
Our data were gathered retrospectively from medical records, radiographic reports and images, intraoperative photographs, neurological examinations, pre-and postoperative clinical visits, and telephone calls. Statistical analysis was performed using the Student t-test method, with p < 0.05 deemed as significant.
The McCormick classification 10 distinguishes 4 functional stages, as follows: Grade 1 denotes neurologically normal, mild focal deficit not significantly affecting function of involved limb, and normal gait; Grade 2 a sensorimotor deficit affecting function of the involved limb, mild to moderate gait difficulty, although patient still can walk independently; Grade 3 designates more severe neurological deficiencies, patient requires a cane/brace for ambulation, and may or may not be independent; Grade 4, signifies severe deficit, patient requires wheelchair or has bilateral upper-extremity impairment, and usually is not independent.
Surgical Technique
The patients were placed prone on the operating room table (with the head fixated using a Mayfield headholder for cervical lesions), and electrophysiological monitoring was used in all patients. Localization was performed with intraoperative fluoroscopy. Midline incisions were made spanning the affected levels. Laminectomies were performed overlying the area of interest and extending a single spinal level above and below the CM for lateral and ventral lesions. Wide laminectomies were performed for dorsal midline lesions, preserving much of the facets. For ventrally or laterally located lesions, wide facetectomies were performed on the side of the lesion, flush with the pedicle. With microscopic assistance, midline dural incisions were made. For lateral and ventral lesions, the spinal cord was released by cutting the dentate ligaments bilaterally at the level of the lesion as well as above and below it. This maneuver enabled the spinal cord to rotate to allow us to visualize the CM, allowing for spinal cord rotation of up to 90°.
For dorsal lesions, myelotomies were performed in the midline posterior median sulcus with a No. 11 blade, and extended with microscissors. For lesions that come to the surface, incisions were made overlying the CM. Round knives were used to separate the malformations from the surrounding tissue. For lesions with a hematoma component, the hematoma was drained to decompress the spinal cord at this time. The CM was pulled into the center of the cavity and separated from the surrounding spinal cord. For larger lesions, the CMs were removed in piecemeal fashion to accommodate the opening and to minimize cord traction.
After inspection for residual malformation, the gliotic, hemosiderin-stained walls were left. The dura mater was closed in a watertight fashion with a continuous suture, which was sewn with the aid of the microscope.
Illustrative Cases

Case 17
History and Examination. This 53-year-old woman presented to her primary care physician with left leg numbness, dyscoordination, and gait difficulty. Motor examination revealed left LE weakness (4-/5 in hip flexion) and increased tone in the legs bilaterally. Admission MR imaging demonstrated an intramedullary hemorrhage at T1-2. She was referred to the UCSF vascular neurosurgery service for further evaluation and treatment.
Operation and Postoperative Course. A dorsally located spinal CM was confirmed. The patient underwent a T1-2 laminectomy to expose the spinal cord CM. On dural opening, this lesion was apparent (Fig. 1) . A pial incision in the midline accessed the hematoma, which was evacuated to decompress the spinal cord and remove the remainder of the CM in piecemeal fashion, teasing the malformation into the cavity previously occupied by the hematoma. During this maneuver, there was fluctuation of the MEP. Surgical manipulation of the cord was briefly suspended and the cord was irrigated with saline; the MEP ultimately returned, albeit lower than baseline. Her LE neurological function was stable immediately after surgery, and imaging confirmed gross-total resection.
Case 19
History and Examination. This 62-year-old man presented with a long history of a burning sensation of his right toe and ankle, and recent gait instability. Admission MR imaging of his lumbar spine revealed a T2-3 ventrolateral CM. The patient was referred to UCSF for treatment. Examination revealed 3/5 strength in the right leg. A midline pial incision exposed the underlying CM associated with hematoma. C: Microsurgical dissection with round knives freed the CM from its adhesions to surrounding spinal cord, and it was removed along with the hematoma. D: After evacuation of the hematoma and resection of the CM, the hemosiderin-stained and gliotic wall was explored carefully for residual CM.
Operation and Postoperative Course. The patient underwent a T2-3 laminectomy and radical facetectomy of T-2. A midline dural incision was made and the dentate ligaments at T-2 and T-3 were cut (Fig. 2) . A prolene suture was placed on the right dentate ligament to facilitate cord rotation. On rotation of the cord, a hemosiderin stain on its surface was identified, and an incision was made overlying the CM. A hematoma associated with the malformation was removed. The CM was dissected within this cavity and removed en bloc. There were no changes in readings on electrophysiological monitoring. Immediately after surgery, the patient's LE strength and pain improved, and he progressively recovered to full strength and complete resolution of pain at long-term follow-up. Postoperative imaging revealed gross-total resection.
Results
Twenty-two patients who were surgically treated by the senior author (M.T.L.) at UCSF were included. The patient profiles are presented in Table 1 . The average age at surgery was 43 years (range 19-67 years), and the male/ female ratio was 1.4:1 (Tables 1 and 2 ). The most common presenting symptoms were sensory deficit (45%), motor weakness (36%), and dysesthesia (32%), with an average duration of 7 months (range 0-30 months). Three patients The spinal cord was rotated by cutting the dentate ligaments bilaterally at T-2 and T-3, tying a suture to its free end, and gently applying lateral traction. The CM was apparent on the lateral spinal cord surface, right underneath the dentate ligament. B: A myelotomy exposed the underlying CM and hematoma. C: Dissection with round knives freed the malformation and it was removed completely. D: After removal of the CM, the hemosiderin-stained cavity was carefully inspected to ensure complete removal. had undergone surgeries at another institution, and 14% of the patients had familial form of CM. The average follow-up duration was 6 years (range 1-14 years). The lesions were located in the thoracic region in 73% of the patients, and in the cervical region in 27% (Table 3 ). The majority of the lesions (64%) involved a single level, whereas 36% encompassed 2 levels on MR imaging, and the average lesion size was 1 cm (range 0.3-1.6 cm). A single-level laminectomy was performed for 1 patient, a 2-level laminectomy for 11 patients, a 3-level laminectomy for 8 patients, and a 4-level laminectomy for 2 patients. The majority of patients (73%) had dorsally located lesions, whereas 27% of patients had ventrally located lesions; radical facetectomy was performed for all ventrally located lesions. Additionally, dentate ligament release was performed in all patients with ventral CMs, whereas it was performed in 18% of dorsal CMs. Sixtyeight percent of patients had blood clot within the CM that was evacuated during surgery. The average EBL was 350 ml (range 100-600 ml), the average operating time was 4 hours (range 3-6 hours), and excision was complete in all patients, as confirmed on MR imaging (Tables 2 and 3) . Analyzed by location of lesion, ventrally located lesions had an average EBL of 483 ± 75 ml versus 322 ± 127 ml (p < 0.005) for dorsally located lesions, and an average operating time of 5.3 ± 0.5 hours versus 3.8 ± 0.86 hours (p < 0.0005), respectively. The patient in Case 20 suffered from a wound infection that required wound washout and antibiotic treatment, giving rise to a complication rate of 5% in this cohort.
In terms of outcome as assessed according to the McCormick classification, 11 patients (50%) had stable outcome, 9 (41%) had improved outcome, and 2 (9%) Of the 2 patients with worsened outcome, both cases were due to severe dysesthetic pain (Table 4) . Dysesthesia was present in 5 patients (23%) at follow-up; this dysesthetic cohort appears to have a longer duration of clinical symptoms prior to surgery when compared with the cohort of patients who did not have dysesthesia at followup (7.6 ± 2.9 months vs 4.9 ± 2.7 months, respectively [p < 0.05]; excluding the patients who underwent a second operation). There was no incidence of postlaminectomy kyphosis.
Discussion
In our study, surgery improved condition in a large proportion of our patients (41%); in fact, 2 patients had a debilitating McCormick classification of Grade 4 at preoperative assessment and made a full functional recovery to a classification of Grade 1 on follow-up evaluation. A large proportion (50%) has stable function; in fact, 45% of patients had a stable full McCormick classification of Grade 1 before and after surgery. Two patients had worsened McCormick classification upon follow-up; this was due to worsening of dysesthetic pain.
The development of dysesthetic pain, part of the spectrum of neuropathic pain syndrome, does not appear to be related to the age or sex of the patient, location or size of the lesion, presence of hematoma, preoperative McCormick score, previous surgery, changes in intraoperative electrophysiology findings, operating time, EBL, or surgical technique; and all symptoms of dysesthetic pain on follow-up were present during presentation. Interestingly, there was a significant difference in the duration of clinical symptoms in the cohort that had dysesthesia at follow-up compared with patients who did not, with a longer duration of clinical symptoms in the patients with dysesthetic pain. This argues for a posthemorrhagic effect that induces dysesthesia that is probably associated with perturbation to the spinothalamic tract, and may suggest that early surgical intervention may be important to prevent this pain syndrome, contrary to a previous study in which an optimal time for surgery of 4-6 weeks after hemorrhage was suggested. 12 Although previous studies did not specifically report dysesthetic pain associated with CMs, such a symptom may be broadly categorized as sensory deficits. We specifically categorized it thus, because in 2 of our patients (Cases 6 and 7) the long-term outcome was negatively impacted; dysesthesia was present in 7 patients, 5 of whom had improvement or resolution of their dysesthetic pain. Our study's results are consistent with previous reports 5, 11 that have suggested the role of timely surgery in improving outcome.
In the majority of cases with a dorsally located lesion, the CM came to the surface and myelotomy was not required (see Illustrative Case 17). Five of the dorsally located lesions required a midline myelotomy (Cases 2, 11, 13, 14, and 15). Of these 5 cases, there were SSEP changes during surgery in 2 (Cases 11 and 13). For the patient in Case 11, this occurred during lesion resection and not when myelotomy was performed. For the patient in Case 13, there was fluctuation of SSEP during myelotomy and lesion resection, but this did not lead to any postoperative deficits. It appears that midline myelotomy was only needed in a minority of the cases, and led to SSEP changes in 9% of the patients in our series (2 of 22). Postoperative posterior column deficits were recorded, but were not attributed to the myelotomy. In Case 11 there was a decline in McCormick score after surgery, but that was attributed to cord manipulation. The others (Cases 2, 13, 14, and 15) had stable sensory and propioceptive deficits compared with the preoperative state. It appears that midline myelotomy had minimal impact on posterior column function; however, this may be masked by preoperative sensory deficits. Perturbations imparted by midline myelotomy were not substantial enough to affect the McCormick score. Five patients had a worsened McCormick score immediately following surgical intervention; this value is within published rates. 2, 7, 9 Intraoperative neuromonitoring did not necessarily predict a postoperative deficit. In fact, in only 1 of 3 cases with an intraoperative electrophysiology change was there a postoperative deficit. The case with both SSEP and MEP changes (Case 11) had a new postoperative deficit that ultimately resolved at long-term follow-up. There are reasons for this: some patients may have preoperative deficits in which the motor and sensory pathways are perturbed, and therefore electrophysiological monitoring was not adequately sensitive. In cases with electrophysiological change, such changes may not reach the threshold of permanent neural damage. Therefore, we recommend the use of electrophysiological monitoring during resection of spinal cord CMs, but that it be used to guide rather than abort the resection. Often a pause in the resection, with irrigation of the spinal cord or relaxation of any cord rotation, will restore the electrophysiological signals.
In our study cohort, we did not encounter any patients with a postoperative motor deficit, even in more ventrally located lesions that may be close to the corticospinal tracts. Resection of the dentate ligaments for ventrally and laterally located lesions allows for safe manipulation of the spinal cord and direct access to the CM as it approaches the surface of the spinal cord.
Consistent with the doctrine of minimizing spinal cord manipulation, we performed unilateral radical facetectomies in cases in which ventral access was necessary. By resecting much of the facet and part of the medial pedicle, a complete lateral view of the spinal cord was possible; and along with cord rotation afforded by dentate ligament resection, ventrally located lesions could be accessed. The technique of accessing a ventrally located lesion by radical facetectomy and cord rotation by dentate ligament release does lead to a longer operating time and greater blood loss. Although radical facetectomy could be potentially destabilizing, we found that when it was performed at a single level and unilaterally, stability was preserved.
Although postlaminectomy kyphosis is a concern, particularly for the cervical and lumbar spine, where there is no rib cage to act as an internal brace, we did not encounter any patients who required fusion procedures in our long-term follow-up. Furthermore, laminectomy did not appear to destabilize the spine even when crossing the cervicothoracic (1 case) or thoracolumbar junction (2 cases). Based on our data, we suggest that fusion is not an absolute necessity in this setting.
Conclusions
Our experience demonstrates the safety of resecting intramedullary spinal cord CMs through simple posterior approaches. This study is limited by its retrospective design and the fact that it represents just one surgeon's experience. Although a prospective randomized trial comparing different surgical techniques may be useful, such a study is limited by the rarity of intramedullary CMs.
